In this study, the combination of solar thermal systems with heat pump has been investigated numerically. The 
Introduction
Fossil fuel consumption is prohibited in order to prevent air pollution in coastal areas of Muğla. For this reason, alternative combustion systems were needed. In this case, despite the fact that the heat pumps are an attractive opportunity, it is a disadvantage that the electricity consumption of this device in Muğla conditions is unknown. Heat demand and heat loss calculations can be used to calculate annual electricity consumption without using a program and annual invoicing can be done. Heat demand and heat loss calculations were made and introduced to the POLYSUN program. POLYSUN is a program that calculates the electricity energy needed according to the yearly outdoor air temperature, solar radiation and indoor temperature instantly according to the time. In addition, domestic hot water is calculated according to the municipal water temperature during the summer and winter months. In the program, the coverage ratio is calculated according to the number of selected collectors. This is how many collectors should be used in the system. When the literature is searched, Dikici (2004) studies the heating effect coefficient of the system (COP) with different combinations of heat pumps for the heating of the houses. As a result of these experiments, it is seen that the systems with the highest heating coefficient of performance among these six combinations are Earthbased heat pump (COPsystem = 1.63) in December, Solar and air heat pump in January (COPsystem = 3.43), solar and earth-based heat pumps in February and March, (COP system values of 3.34 and 3.06 respectively) came to the conclusion [1] . Gündüz (2007) studied the working principle of solar energy supported heat pump and system elements in Bilecik province theoretically. They used water-source solar collectors and heat pumps to heat a building and to meet the need for domestic hot water. The heat load in the evaporator was 6.04 kW, the electric power drawn by the compressor was 384 kW. She stated that the system would need an additional heater in December, January, February, March, April, May and June and she found that the system's COP value as 3.1 [2] . Açıkgöz (2007) calculated the support of solar energy in a composite energy power system. In the first case, only the heat pump is used to heat and cool the building. In the second case, the solar energy-supported earth-source heat pump is used. The heating of the building and the need for domestic hot water were met using a heat pump and two solar collectors, respectively. 25 collectors were added as a third option to the heat pump system to support both to heat domestic hot water and the heating. He compared this three options and conclude that it is better to use solar collectors only for domestic hot water [3] . Liang et al. (2011) reviewed solar assisted air source heat pump for Nanjing to improve the performance of the heating system with the help of a mathematical model. The COP of the heat pump increased during the heating season, depending on the solar radiation intensity and the solar collector area. When the collector area is increased from 0 m 2 to 40 m 2 during the heating season, 453.43 kWh of energy is saved with 9.9% energy saving ratio [4] . Deng et al. (2012) simulated and optimized the system consisting of solar collectors and heat pump. The average COP of the heat pump was found to be 2.38 and the solar collector's share in the system to be 69% for the whole heating season [5] . Aydin (2013) used vacuum tube collectors and airsource heat pump to perform experiments in Karabük for 3 days in April between 10:30 am-04:00 pm. Aydin (2013) used vacuum tube collectors and air-source heat pump to perform experiments in Karabük for 3 days in April between 10:30 am-04:00 pm. He placed the evaporator of the heat pump in the storage tank of the collector. On sunny days, he examined the temperature change in the collector store by time and on cloudy days repeated this experiment only with heat pump. The COP of the heat pump was found to be 2.072 on sunny days and 1.43 on cloudy days. He concluded that 45% increase in system efficiency by using solar collectors [6] . Carbonell et al. (2014) examined the potential utility of heat pumps combined with the solar thermal system to heating and preparation of domestic hot water. They used POLYSUN simulation program to compare heat pump and combined system in detached houses in different climates in Europe [7] . González and Yousif (2015) paid attention to energy efficiency measures in order to be able to get a net zero energy hotel in Gozo in the center of the Mediterranean. They used POLYSUN software to evaluate the performance of sustainable energy and high efficiency systems [8] . Good et al. (2015) have compared different solar energy solutions for net zero-energy Norwegian buildings using the POLYSUN simulation program [9] . Bessa and Prado (2015) compared passive technologies and solar water heating systems used to reduce carbon dioxide emissions in homes. They simulated solar water heating systems in Dimensol, EnergyPlus, F-Chart, Polysun, RETScreen, SAM, Transol, T*Sol and Watsun programs [10] . Ghafoor and Fracastoro (2015) used the POLYSUN program in their multi-purpose solar thermal systems to compare their cost effectiveness with multi-purpose PV based heat pumps [11] . Shipkovs et al. (2015) assessed the models found in the POLYSUN program in the northern latitudes and developed a dynamic simulation program containing 5 years of meteorological data. They optimized the solar cooling system using multiple simulations. They evaluated the effect of different elements of the system on the operating performance and developed the most suitable model for the given climate conditions [12] . Good et al. (2014) used POLYSUN and PVsyst programs to optimize the solar energy potential in buildings [13] . Bornatico et al. (2013) created a model for rapid optimization of energy systems. To test the correctness of the model, they simulated the system in POLYSUN and TRNSYS programs and observed that the results were close to each other [14] . When previous studies examined, using of the POLYSUN simulation program in Turkey conditions were found rarely. The purpose of this study that demand of heating and domestic hot water investigate with POLYSUN simulation program for Muğla province in Turkey. Muğla has the highest average annual solar radiation in Turkey with 5277 Wh / m 2 / day. Using solar energy actively and effectively in heating of building and domestic hot water is necessary in province, where has a relatively advantageous position and climate. An analysis was carried out assuming that 50 liters of hot water per person was consumed in a single-family residence where four people live. Heating of house was provided with air source heat pump, the accumulation tank and water assisted. The heating of the house was provided by heating the water in the accumulation tank with solar collectors and an air source heat pump. In this study, heat pump and solar collectors were used in the heating system. Models created by modifying the solar collector area and heat pump capacity have been examined. Thus, the importance of solar energy for Muğla is better understood.
2. Material and Method A villa was investigated in coastal areas where the use of coal is prohibited and the natural gas does not reach it. Air-source heat pumps and flat plate solar collectors were chosen for the heating system. Models for the heating of the house and the preparation of domestic hot water were examined with the POLYSUN simulation program. Collector area and heat pump capacity were changed in the created models. The percentage of additive in the water heating of the collectors was examined. Firstly by reducing the heat pump capacity and by increasing the collector area and secondly by increasing the heat pump capacity and the reduction of the collector area were investigated and it has been observed which gives the best results. Collector area and heat pump capacity were changed in the created models. The percentage of additive in the water heating of the collectors was examined. Firstly by reducing the heat pump capacity and by increasing the collector area and secondly by increasing the heat pump capacity and the reduction of the collector area were investigated and it observed which gives the best results. In this context, airto-water heat pumps have been investigated at five different capacities as 6.51 kW, 7.98 kW, 9.95 kW, 12.54 kW and 15.34 kW. Another parameter used in simulation is the collector field. The solar collectors used are flat plate and the numbers between 0 and 10 range between 0 and 20 m 2 . The system model used to meet the villa's thermal energy requirement is shown in Fig. 1 . The values entered in the simulation program are heat demand, heat loss, and number of people, domestic hot water temperature, and location, outside temperature, global radiation and wind speed. Once these values are entered, the appropriate heat pump, tank, solar collectors and heater (radiator) are selected for the heating system. For different system combinations, the total energy (Quse) given to the system, the total amount of electricity consumed (Etot), the thermal energy (Qhp) given to the system by the heat pump, the electric charge and the coefficient of performance, the seasonal performance factor, the percentage of contribution of solar energy on the heating and hot water supply system (SFn), the percentage change in the total consumed electricity and performance factor depending on the solar collector area was examined on an annual basis. The air data for the Mentese region where the villa is located is taken from the meteorology general directorate for 2015-2016 years. It is observed that the average temperature of the outside air does not fall below 5 ℃ during the winter season. This is ideal for use with air-based heat pumps. The fact that wind speed values are stable throughout the year creates an ideal environment for the use of air source heat pumps. Because high wind speeds at low temperatures interfere with heat transfer in the heat exchanger, making it difficult to absorb heat on the surface of the solar collector by the fluid. Figure 1 . Solar collectors and air source heat pump supported heating system (Vela Solaris). Villa's annual heating energy requirement and heat loss calculations were made using the TS 825 Building Thermal Insulation Rules and TS 2164 Heating System Project Procurement Rules standards. In the heat loss calculation, the outside temperature was taken as -3 ℃ and calculated for floor and ceiling temperatures for nonheated areas according to this temperature. However, the values taken from the meteorology in the case of heat energy were used as the outdoor temperature and the temperatures of the unheated areas were found by interpolation and extrapolation. In both calculations, the values specified in the standard for room temperatures were accepted. The basic parameters of the solar collector, accumulation tank and circulation pumps used in the annual heating energy requirement and domestic hot water of the Villa were given in Table 1 . 
Results and Discussion
The energy demand of the house is constant, so it is expected that the thermal energy given to the heating system will be constant. However, since the heat pump alone cannot meet the demand, it is expected to increase the thermal energy given to the heating system to meet the demand due to the increase in the collector area. The existing heat pump (at 6.51 kW of power) can supply 11823 kWh of energy to the system even if it is supported by the collector with 20 m2 area. It was seen that 73% of the respondents were satisfied when the energy demand of the housing was considered as 16257.3 kWh. The variation of the thermal energy given to the heating system depending on the collector was given in Fig. 2 . The variation of the COP of the heat pump with respect to the collector area was shown in Fig. 3 , and it can be seen that the COPHP is constant. kW. The energy demand of the house is constant, so it is expected that the thermal energy given to the heating system will be constant. However, the heat pump at 7.98 kW power cannot meet the demand stand-alone. It is expected that the increase of the thermal energy given to the heating system due to the increase in the collector area to meet the demand (Fig. 4) . A large number of collectors are needed to meet the demand with solar collectors. This situation reduces the economics of the systems and their applicability especially in apartment buildings. For this reason, it has not been feasible to select a heat pump at small capacity. The heating effect coefficient of the heat pump decreases when the first collector is added and then appears to be constant. This is due to the fact that the use of hot water in the summer period is met by two collectors and the increase in the collector area does not reduce the heat pump contribution to the system in winter. The change in thermal energy given to the system according to collector field is given in Fig. 6 . Although the demand for heating is a constant value, since the energy demand cannot be met, there is a continuous increase due to the collector field. As the collector field increases, the heat pump's (9.95 kW power) COP value declines for the first time and then remains stable. The decrease in COP value is due to solar energy supply of hot water demand in June-September. The reason for the steady state is that the heating demand cannot be met and the heat pump continues to operate at the same power (Fig.  7) . Figure 6 . The change in thermal energy for 9.95 kW HP. Figure 7 . Variation of COP for heat pump power of 9.95 kW. The energy demand is stable and the heat pump in the 12.54 kW capacity can meet the demand alone. Figure 8 shows that increasing the collector field caused a slight increase in the amount of energy supplied to the housing. This situation is explained in the simulation program like that the energy received from thermal sources (heat pump and solar collector) should always be equal or higher to the demand of the house. Figure 9 shows the variation of the COP of the heat pump depending on the collector field. By increasing the collector field, the share of solar energy in the system increased and the efficacy of the heat pump decreased in the system. The heat pump's low capacity operation and to continuously running up, cut-out decreased the performance of heat pump. kW. The energy demand is stable and the heat pump at the 15.34 kW capacity can meet the demand stand-alone. Figure 10 shows that increasing the solar collector field caused a slight increase in the amount of energy supplied to the house. This situation is explained in the simulation program that the energy received from thermal sources (heat pump and solar collector) should always be equal or higher to the demand of the house. The change in the COP of the heat pump depending on the collector area is shown in Fig. 11 . By increasing the collector field, the share of solar energy in the system increased and the efficacy of the heat pump decreased in the system. The heat pump's low capacity operation and to continuously running up, cut-out decreased the performance of heat pump. Figure 11 . Variation of COP for heat pump power of 15.34 kW. The percentage change in the amount of electricity consumed to meet the energy demand in the heating system is given in Figure 12 . The systems in which the solar collectors were not used were considered as reference conditions and the percentages of the decrease in electricity consumption depending on the increase of the collector area were compared for five different power heat pumps. In the heat pumps with power ratings of 6.51, 7.98 and 9.95 kW, the consumption of electricity seems to remain constant despite the change of the solar collector field. This is due to insufficient heat pump capacity selection. Even when ten collectors (20 m 2 ) were added, the energy demand could not be met. For this reason, the amount of electric energy consumed by the heat pump and supplied thermal energy to the system from the heat pump remained constant. When the collector area was 4 m 2 , in the summer period (June-September), the consumption of hot water was provided from the solar energy and the electricity consumption decreased. At the same time, the same electricity consumption was realized for 8, 12, 16, 20 m 2 collector area. The percentage change in the performance factor of the heating system where the collector is not used is shown in Fig. 13 . The performance factors of the heating systems increase with the increase of the collector area. This is due to the fact that primary energy source is not used while benefiting from solar energy. Compared to the rate of change in the performance factors of the heating systems, the increase in the heating systems in which the heat pumps of 6.51, 7.98 and 9.95 kW are used is found to be more. This is because the capacities of the heat pumps are insufficient, so that each added collector is derived from the thermal energy of the system without changing the amount of thermal energy that the heat pump gives to the system. The rate of change in the performance factor is low in heating systems where 12.54 and 15.34 kW heat pumps meet the energy demand. The reason for this is that as the collector area increases, the amount of thermal energy that the heat pump gives to the system decreases. Figure 12 . Percentage change in saved electricity energy on heating process when the collector is not used. Figure 13 . Percentage change in COP of heating system when the collector is not used.
Conclusion
In the heating system, 30 different models were simulated by changing the heat pump capacity and collector area in order to select the most suitable combination for the villa. In these simulations, the air-towater heat pump was investigated at five different capacities: 6.51 kW, 7.98 kW, 9.95 kW, 12.54 kW and 15.34 kW. Another parameter used in the simulation was the number or area of the collector. Flat plate solar collectors ranging from 0 to 20 m 2 were used for the numbers 0 to 10. Models were produced by changing the heat pump capacity and collector area and modeled with POLYSUN, a semi-dynamic simulation program. Villa's annual heating energy requirement was 14386,5 kWh, heat loss was calculated as 13586 W per hour, indoor temperature was accepted as 20 ℃ in the program. Among the 30 different system models examined, the most applicable systems were the systems using 12.54 kW and 15.34 kW heat pump and two collectors. Two collectors were sufficient to meet the need for hot water for four months between June and September. Increased collector areas increased the performance of the heating system but reduced the COPHP. In addition, increasing the collector area increased the cost of the initial installation and made it more difficult to find a place to install, Inadequate selection of the heat pump capacity resulted in a failure of the simulation program in the event that the final energy demand and hot water requirement cannot be met. Even with the addition of ten collectors to the heating system, the air-to-water heat pumps at power of 6.51 kW, 7.98 kW and 9.95 kW were found to meet 73.2%, 73.5% and 85% of the current demand respectively. Electricity consumption was reduced to 1 kWh because the collector with a gross area of 4 m 2 was added to the heating system with heat pump and the summer use hot water needs to be supplied from the collectors. For this reason, the heating effect coefficient at these three capacities, which cannot be satisfied, decreases only in the models in which two collectors were passed from zero collector. Increasing the solar collector area from 4 m 2 to 20 m 2 due to the low capacity of the heat pump did not cause a change in the amount of electricity and the amount of electricity the heat pump gave to the system. In the systems where the number of collectors changed from 2 to 10, it was seen that the heating effect coefficient remained constant. The performance factor were increased from 2.42 to 3.29. However, performance factors did not matter as these systems cannot meet demand. Increasing the collector area in the 12.54 kW and 15.34 kW heat pumps, where the heat pump capacity was sufficient to meet the demand, reduced the energy consumption and electricity consumption by the heat pump. While the amount of thermal energy supplied to the system remained the same, the reduction in total electricity consumption increased the performance factor of the system. The performance factor reached the result of an increase from 2.86 to 3.31. The number of solar collectors was between 0 and 10, and the gross area was between 0 and 20 m 2 . Increasing the number of solar collectors increased the performance of the heating and hot water preparation system from 2.42 to 3.31. Because only the circulation pumps draw electricity when the solar energy was supplied to the system. At the same time, the performance factor of the system increased while the heat pump's COP value decreased. While the number of collectors was increased from 0 to 10, the COP of the heat pump decreased from 3.03 to 2.74. This was due to the working principle of the heat pump. Heat pumps operate at high efficiency with high evaporator and low condenser temperature. The reduction in the difference between the well and the source temperature makes heat transfer from the condenser to the tank difficult. The COP of the heat pump is reduced due to the increase in the temperature in the tank by using collector and the full capacity of the heat pump cannot be operated.
